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Abstract

The relationShip between tOievision program variables and children's

attention was examined using sample shows from two nationally distributed

educational programs. Shows were coded at 30 second intervals on four
.

measures of program complexity, and tweimeasures of the relationship between

verbal and visual content. Children's visual attention levels Were measured

individually and averaged over the samplet

Single time-series analy is indicated the predictability of children's

attention levels to be no more than 30 seconds. 'Younger children's attention

in adjacentprogram sagments was found to b more highly interdependent than

was older children's attention.

, .

Multiple time, series analysis inacard'the attention of older children
4

A

could be explained-very-well based on the program variables measured. Older

children also appeared to,be affected more by variations in pro ram complexity,

acid, in Air-Ocular, by visual compleiitY. Younger children weie more affected

/

by verbal variables, and attention levels were found to be mor due to children's

:

consistently attending than to program variables. Fort -four/ to 58 percent of
....

the variance in attention was explained by theie models.

4
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CHILORE'N'S ATTENTION TO THE TELEVISION SCREEN:
A TIME SERIES ANALYSIS

Introduction
.4 ,

The,bulk of television effects research has,been based do survey d

signs in which viewers are assumed to watch programs the same way withtthe

exception of 'the frequency of tuning in. The ease of data collection

assumption 'allows probably has contributed to nformation 6ai*ned from4 i,

surv91ys, but it is possible that some contradictory findings about t

vision 's effects may be due to variability in the behavior of viewer

front of the set.

Experimental studies of television viewership, including thoseof

in

filmed violence, have generally concentrated on the behavior of viewers

a

'after programs are over. Less information about behavior during programs

has been gathered. However, a growing body of research has shown consider-
.)

able variability among viewers here. For example, it has been found 'that

viewers engage in several activities while viewing and that different types

of programs are watched with different degrees of attentiveness Robinson, dr

\

1969; Bechtel, Achelpohl, and Akers, 1972; LoSciuto, 1972; Murray, 1972).''',

Few stddies have closely examined which aspects' of grogr4ms stimulate viewer

interest.

In this paper we have examined the effect of a Small numberof'televi7

sion program variables on the visual attention of children watchtng

4

educational series. The program variables used include four measures of

If
form complexity and two measures of the interactiorpbetween,yisual and

$ -
. -

verbal content. The obje

7

tive was to determine.how long .children take to
, k

.(
I 41 / t. v I s.
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,react to these variables, how large the effects on attention are at their

ifi

strongest point, and how long the effects endure. Mak' g these assessments

ecessitated our using a technique called time series nalysis.

,.

In the following sections we shall review research on viewer attention,

on program complexity and on cognitive development as it relates to tele-
,

vision viewing. A slyort section on,the unusual aspects of the research

method is also included. A longer description is given in'Appendix B.

Researchkon Attention to the Television Set

*1

Most of the research on viewer attention has d Tt with what viewers

do rather than on the ,relationship of that behavior to progra attributes.

Of two bodies of research concentrating more on programs, one deals with

advertising and the other with Children's Television Workshop programs.

In one study of television commercials Ward, Levinson and WackMan

(1971) found that younger children (ages 5-10) kid slightly higher atten-

tion to the screen during both programs and commercials than did older
a

. children (ages 11-12). In a subsequent study (Ward and Wackman, 1973),

they found that higher cognitive level children, whO also tended to be offer.

were more discriminating in.the'attention they paid to different kinds of

content. In another related study, Wartella and Ettema (1974) found that

second graders aid kindergarteners paid higher levels of attention to pro-

-grams than did nursery school children, that older children paid higher'''.

attention to relevant commercials,and that there was'a slight tendency for

commercialS of high auditory complexity to elicit higher level of:attention.

The most elaborate set of prograM variables which has been related to

attention is that used by the

)
he Children's Television Workshop (CTW). In

.. ,

surveying formative research on Sesame Street, Reeves. (1970)., repOrted

Children's attention to be very ,,fl to be higher fo segments con-
.

.

ar-
O
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taining animation, children, animals, and.rapidly.paced action. Anderson

and Levin (Anderson and Levin, 1976; )( Levin and Anderson, 1976) found

the number and duration of visual fixations of children. on the TV screen

to increase between the ages Of one and four' years. They also found that-

. .

.

attention correlatedonegatively with the length of program content seg-
. .

4 s-. '

ments (bits) and positively with" the appearance on the screen of adult

I i

females, children, non-human characters, physical activity,"Mely music

and-special effects. They alsoinoted that one 'dimension underlying many

,., of their'variables il the amount of action present. '.

i,

Taken together, t a.these two sets of studies indicate that children are

4

%

.flexibleih'attention a'nd that they become more selective as they get older.
r I

Research on Program Complexity

.//
The measures of program form:comptexity aused'are a subset of a /,'

..,

iv
larger group based.on the Information Theory concept of entropy. 34-Jode

.7. ''"

measures: used are Set"Time Ettopy, Verbal Time Entropy, Shot tropy and .
. ,..

. ..-

Nonverbal Dependence Entropy. Definitions Ofcthese arriables are given
...-

in Appendix A, and more detailed description re available elseWhere

(Watt and Krull: 1974)1 ,

"1".
t,';''

.,.. ,

.N.
.

The rationale for a 'relatJonsWip between program complexity and viewing
,,.

44
behavioi\is that television viewers are likely to choose programs on the

.

basis of.the amount of information processing offered. The Information

Theory variable§ were developed to measure AN* aspects of program form'which

could be,processed by viewers.

In previous 5tudie'§ coniPlexjty haslieeh found to be, related to audience

ratings,' While the levels'of complexity of commercial programs appear to

. ,
-

L

toe near the optimUm for dowins, large audiences, public television programs
-_.

. , .4 . .

were found to be lower in complexity with'increasing complexity correlating

I/

.1
s._`_,%
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with increased ratings (Krull and Watt, 1975).

Program complexity was also found to be related to habitual viewing,

as measured by tide average frequency of turning in prograths, and to lik-

ing of programs. Viewers were found toicluster their viewing around cer-,

tain,complexity values (Watt and. Krull, 1974),, but Were not found to

" .

cluster their liking of programs (Krull, Watt and Lichty, 1974). However,
I

young adults were found to prefer higher levels of program complexity for

both viewing and liking (Krull, Watt and Lichty, 1977).

These studies support a.link4between program complexity and the

selection of whole iirograms by viewers; they reveal little about viewer

behavior during Viewing.. It is possible, for example, that viewers-prefer

attributes of programs whi.ch covary with complexity, such as violence

(Watt and Krull, 1974),'and that they only attend to violenY segments,

ignoring the changes in 'compleXity.*MA closer examination of viewing be-

havior is necessary to eliminate such possibilities,

One study of the effects of 'program complexity and violence on viewers

over time has peen done. Physiological changes in viewers were found"to

correlate with changes in program complexity, when both groups of variables

were,measured over 2 minute segments (Watt and , Krull, 1975). It has been

argued that thekinds of physiological changes observed are Indications

of attention (Lacey, Kagan, Lacey and Moss, 1973)and, this would lend addi-

tional_support to the rationale for viewer preference for,corliplexity.

The time interval in the study just described is still rather long for

estimating the effects of program variables on children. The advertising

studies described earlier showed differences in the children reacted to

comMerclals varying from 140 to 60 seconds in length lard, Levinson and

Wackman, 1972). Reeves'(1970),reported the average duration of visual

7



attention of Sesame Street viewers tobe leSs.than one minute; and Levin

and Anderson (1976) found that programlsegments in Sesame Street shows

were sufficiehtty long to show decreases in attention during the segments.

. .

We used an interval of 30 seconds in this study. This iiiiterval

seemedto be sufficiently short to assess some shor=t-term eTfects, but

not so short that values of the program variables would become unreliable.

The 30 Second intei-var does, not change the overall' rationale for,a relation-

ship between complexity and attention either, but ft-does introduce several

theoretical and methodological prbblems due'tO interactions among adjacent

time intervaisi .These are discusfed in a description of time series pro-
. .

cedures in Appendix B. Next we will describe two program measures used

in addition to the complexity variables.

Visual/Verbal intenskion Program Variables

To,thecomplexity variables we added two variables, Congruence and

Independence, which assessed the relationship between the verbal and visual

parts of the'show.

Congruent verbalization was deft,ped as any meaningful, spoken utterance

which describede referred to, or was generally "about" something that was

simultaneously being projected on the screen. The utterance could be of

any length or type - it merely needed to'be correlated with an image in the

A

visual frame to count as congruent.

A great variety of utterances fell under the heading of "congruent".

For example, the en word "one" (with an accompanying visual graphic)

was counted as a congruent utterance. Similarly, retters of the alphabet

which were recited with accompanying graphic representatiOn. were each

treated as individual-"utterances". At a more complex level,..statements

1, 3
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a?'

like "Look at all, this old stuff I have lying around here", "There's a bird

oh me",,and "And now we have a picture of Bert" were also counted as con-

gruent utterances.

Independent utterances were any Utterances which did not focus, on some-
,

thing In the visual frame. Typical examples are statements like "How was your

'day", ''Hey, I'm just kidding", and "I've got a little system that I.use

sometime ".-

, .

The rationale for coding these variable s was provided by Piaget's theory

of intellectual development. The bulk of Piaget'i research investigating

children's cognitive prOcesses has dealt with the child's understanding of

physical, logical, and causal relationships. The aim of these investigations
. .

as been to construct a model of th.child's cognitive processes which will-

4ccount for its.understanding,of such relationships., (Ginsburg and Opper,

1969)

The essence of Piaget's theory is ids "logical" (in the formal sense) charac-

ter. Piaget.uses the formal language of symbolic logic to describe the development

of the childqpatterns of thought. In this framework, the-child's perceptions of
w

the wor=rd-are assimilated Co schemes Of action which ch.ange in the course of

development from krceptually, bbund, non-reversible (N; semi-reversible) sy'Stems,

t o mobLle .systems of transformationwhich are character ed by reversibility.,

In more common terms, the child gradually moves rom a posi ion in which his

judgments are based on immediate pfceptual st o a position in which he
.

s

is capable of considering 'tle physical transformatio s which.produce anjt
-

iWparticular perceptual state.

An important feature of-ike child's thought process prior to adolescence

is its "concrete "' character. Even.after. th4 child has developed the capacity

to consider transformations as opposed to states, he is only capable of Mentally

. -

transforming phenomenawhiCh he can concretely experience. The ability to pei19rm

9

0
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a mental experiMent, i.e. ,to consider a problem at a

.

is not developed until approximately the period Of ad

It is in fact, the concrete character of child

urely abstract level,

lescence.

hought which provided the
$

,of .

, ,

strongest basis for exp$tting differences in childrenIs attention as a function'

.

of.whether segments had a high degree of vispal/verba congruence or a high
.

.
. .

. degree of visual/verbal Independence. Since Visual/Verbal congruence implied

.
. .

- .

.
.

.
.

that informationwas being presented concretely (Lei with visual reference),
c

we felt that children should be able to assimilate this information and thus

would be'attuned to what was. occurring on the screen; whereat, sinte 'visual/

verbal indePendence implied that information was being presented at a primarily

symbolic level (i.e. verbally as, opposed to visually) we felt that children

ould have difficulty assimilating this information and thus would tend, not to

pay attention to it.

Time Series and Causal Relationships

Several theoretical issues intruded nto our attempt to tie independent
, .

and dependent Va-nables closer together by measuring variables'oyer. short

tille intervals. First there were the theoretical
i

issues we wanted to in-

vestigate--length of the delay between the action of the independent variables

and the response of the dependent variable, tHe.rate lbf the responte of the

dependent variable Once 'the response occurred, and the strength of the

relationships between the independent and dependent variables at their strong-

est pdint! Secondly there were theoretical and methbdological issues regard-
.

ing the interactions among variables in adjacent time periods.

a

Our handltrig.of these issues forced' us to use a techninue
-
called-time

'series analysis. _Theoretical ramifications of the technique for the study

10



of children's attention are described below, methodological aspects are

described,in Appendix B. Readers unfamiliar with the method can omit

Appendix B on A first.reading. Readers interested in detailed information-

on the method should -see Box and Jenkins (1970) and Fuller (1976)..

lnterdepehdence in Attention Levels. Children are not likely to.be

completely erratic in their viewing behavior. If a child is paying atten-

tion to the screen at one point,it is also likely to be paying ateention to

the screen a short timelater. This may be the case Irrespective of what

is on the television screen. A child who is not watching at some oint

is. also likely -to continue not to watch for some time irrespective of what

happens on the screen:,

`This on the part of children may affect therelation-

ship between program variables and attention. if the consistency in. atten-

'tion is very strong, the effect of program variables on attemtion will

appear to be reduced. The correlation between theie variables for ghort

time.periads could.e plait or variable. To make an accurate assessment cif

the effect of the' independent variable orie Must take the consistency, of

attention into account. 'One way of doing so is to compute the correla,..

tions between attention,levels in neighboring measurement intervals,

the autocorrelation. The stronger the interdependence between adjacent

t ime, periods, the higher the autocorrelationg.

4

To determine the.point beyopd which interdependence can be ignored

safely one should compute the partial "autocorrelation. The partial auto-
es.

'correlation is the correlation between distant time periods with the values

_

of intermediate time periods hedd constant, The partials are nonsignificant
100

statistically beyond the time distance where interactions Can be'ignored.

ill
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See Appendix Etfor information about the computation of autocorrelations

and partial autocorrelations.'

Independent and Dependent, Variables Over Time. To assess the delay °

7 between the actions ofthe independent and dependent variables time series

methods.emp,loy the cross-correlation. This correlation is merely the

ordihary correfation between the variables, but it is computed between

scores of the variables for different time intervals.

Ifthere is some delay in the reaction of the dependent-variable, one'

would not expect to find a correlation between the variablei diving that

delay. The effect has not taken yet, so to speak. One Would'only expeCt

i correlation between the variableS-after the delay. This would appear as

statist ically signific ant cross - correlations after-a group of near zero

correltion's In 'the case, of children's television viewing we'would expect
or

some delay in reaction to program variable's and the cross-correlations

wouldtell us the length of that delay.
t

The rate of response of the dependent variable can aJso be assessed

in terms of the crots-correlatiOns. If the response is rapid once it

begins, the cross - correlations should fise rapidly .to A maximum. If the

response is relatively slow, the cross-correlatlons.may only reach a maximum

over several time-.periods. Itis highly likel.ythal children will react at
4

different rates to different program variables. The cross-correlation's

)should allow.ulitomakecomparative judgments °regarding their response rates.

See Appendix B for wdescription of cross-correlation'araphs.

Multivariate Analysis of Attention..Effects.. We,expected It would be

necessary'to separate the effects of-interactions among adjacent values
- .

of both the television program variables and.attention. For thispaper we

1 2 .
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chose to useordinary mUltiple.regression based on'autocorrelations

e).

and 'ross-Correlations in btillciing our empirical models. 'While more

of ictent estimating procedures are available (Box and Jenkins, 1970), the

unusual results weKound in the data made them unusable.

Hypothesei .

We have taken an information processing appcoach.to the relationship

between teievjsion program variables,and attention. The 4ssentials of

this approach, as they apply to both complexity variables and visual/verbal .

interaction va*ables, were outlined'1n the preceding section. Here,we,

will apply the arguments preented above to changes in children's atten-
,

tion levels over time.
o

The hypotheses are divided into three sections. The first deals

with the pattern of single series Gmer time, the second deals with the

relationship of program complexity. to attention and the third with visual/

verbal interaction and attention. ;rile hypotheses formulated were tested

on younger children watching Sesame Street and older children watching -The

Electric Company. this research setting is described.in the tiethodiectioh.

Single Variables Over Time. Thehypotheses con'cerning the pattern of

. single variables over time are almost deScriptive. We expected to find

some interdependence among values of both the attention and-program variables,

, but since time.Series analysis is so new, there are. few guidellnes'as to

_thedegree.ofinterdependencetobeexpected.Our only strong expectation

r
was that there would be a difference in the attention patterns, of younger

.

'versus:older viewers-v

.Both the advertiing'and CTW studies indicated that older children have

a more integrated approach to watching televiSion. We, therefore, expected

more directed and fewer,random changes in attenti=on from older _viewers.:

'404

13
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This should appear as higher interdependence between attention levels in
et

adjacent time periods,'althoUghthe, average attention levels need not

necessarily pe higher for older viewers. Since the program structure over

4
time of the Eledtric Company and Sepme Street appeared' to be roughly, the

same, we that a comparispn between the viewers of the two programs

Ould, provide some information about this age difference. We hypothesi'zed

that:

H
1.

Older children pay attention to the television
s4zeen in,a,more stable way than younger viewers.

Since we had little information about the behavior of program variables

over time for large samples of programs, we decided to produce 110 formal

hypotheses here. Instead we decided to_compare the behavior of these

variablevo.see which variables were relatively less,predictable over time

41.

and to-see how similar the ElectricCompany and ,SesaMe Street sample shows

were in structure.

Program Complexity and Attention. Program complexity was found to

correlate with the se,lectionof 4ograms for viewing and liking, and with'
..

physiological reactions_to viewing. Some aspect's of program complexity were
°

also found to correlate with ae)ention to the TV screen in the advertising

and CTW studies. Extending these findings to short term attention, we

expected that segments of programs with higher levels of compl=exity Would

t

draw greater attention from the. children viewing. Program segments with

higher levels of complexity would provide a good deal of perceptual infor-

mation to process and children would therefore spend longer Periods doing

the processing.- Program segments with lower levels of complOcity would

require less processing time on the part of children. This Otionaleheld

for each of the program complexity variables;



O

/

The higher
"
the Set Time Entropy, the higher the level

of children's attention to the television screen

H3. The higher-'efe level of Verbal\Time Entrcpy, the-higher
the level of children's attention to the television screen

H4. The higher the level of Shot Entropy, the higher the
level.or children's attention to the television screen.

H5. The higher the-level of Nonverbal Dependence Entropy, the
higher the level of children's attention to the television
screen.

At thlS'stage of theoretical Aevetopment we did not feel prepared to

formulate hypotheses about differences between younger and older viewers.

Visual/Verbal:interaction and Attention. The division of verbalization

into congruent and independlEt Utterances was based on assumptions'about

the.kind of cOgnitive'processing required for, understanding. Generalizing

to children's processing television prograMs, we expected that-utterances-
,

accompanied by concrete visual representation would be easier to assimilate

than utterances unaccofnpanied by such visuals. It seemed reasonable that .

children would pay less attention to program segments which they were not

'equipped to process and more attention to segments they could process. .We

hypothesized that:

H6. The higher the }eve] of Visual/Verbal Congruence, the
higher-the ,level of children's attention to the TV screen,

H
7°

The hjgher the level of Visual/Verbal IndePendence, the '

lower the level of Children's attention to the TV' screen.

Since the ages of children in both,the Electric Company and Sesame,

Street-viewing group fell within the period marked, by concretecoghition,

these hypotheses were expected-to hold for both groups.

Method

ti

hmples

Television Program Material. CTW provided us with four vigeotapes,

two Electric Company and twd Sesame Street shows. These shows were taken

15
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to be representative of the two series, but no compaptive figures for the

program variables were available. -Tice Sesame Street shows were 47 (SS #1) /

and 58 (ES #2) minutes in length; the Electric Company shows were 28

(EC #2) minutes and 19 (EC #1) minutes in length. The second_Electric

Company program was 'a sligh truncated version, but was similar to the

rest of the series ijVother respects. DescriptiVe
.
statistics are given

in table i.

Viewing Samples. CTW also provided attention data on children viewing

,.. ,

the four videotapes. Ten children Watched each of-the four tapes. The

. . ..

. lesame Street viewers were 4 to 5 years old; the Electric Company viewers

were 71/2 to 8 1/2 years of age.

Measurement Procedures

Program Complexity Measures. Scoring. the videotapes proceded in several

stages. 'First the videotape was timed to determine the boundaries of pro-
,

% ,

gram conten segments (bits) and the program was, divided into/30 second

segments. This was done to provide markers to-,chock the accuracy of later

measurements with respect to time ill the program. Then an entire videotape
-...

, was coded for one complexity variable, 3,0 seconds at a time.

,

One coder ran the videotape machine and stopped it every1,30 seconds

using machine's ftause control. The other coder scored the variables on a

machine consisting of ten electric clocks and a keyboard and noted the

results each 30 second interval. Some program segments were of very high

complexity and the average values of several coding passes was taken to

represent these segments.

Entropy values were computed for each complexity variable for each 30

16
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second interval after coding was .completed.

Visual/Verbal Interaction-Measures. The verbal parts of each videotape

were transcribed. Then, Ling the rationale given above, we determined.

whether each utterance.fell;,inta the congruent or indepen\dent category.

Since the length of Utterances varied greatly, the number of words

.-

per utterance was used as a weight ". For example, the word "one" or the

1 tter "g" were counted as single' utterances. So was the statement "Look

. a

t\r
all this old stuff, rhave lying around here." The latter utterance

clarly occupies more "Space" of the nterval than either of the unit

utterances. We felt that a weighted measure of verbaldenslty would take'

th s into account.
t-

tsEach scale 'was completed ISy summing the number of weighted utterances

in each category.

Children's Attention Measure-. ,The attention data was collected by CTW

as part of its research program (see Reeves, 1970, for a full description:

the procedures). Children were individually shown a videotape. A

-

colored-slide projector, changing slides every 7.5 seconds, was placed at

the sameieight as the television set and about 45 degrees to one side.

With the exception of one Sesame Street tape, the attention of each

child was noted every 7,5 seconds by a.coder.using a push-button connected,

to a recording device. Attedtion was weighted as follows: 3 -- eyes-on.the

screen throughout the interval, 2 -- eyes on the screen more than, half the

time, 1 eyes on the screen less than half,the time, 0 -- eyes off the

screen through the,interval. One o f the Sesame Street tapes was, only

scored for attention every other 7.5 second interval.

The attentioN data provided were averaged over 30 seconds to make the

17
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measurement intervals comparable to that used for the pro ram,variables.

This was possible becauSe four 7.5 second intervals corres ondedto one
.

30 second interval and the boundaries matched.

Single Series Over Time

`Resul is

"r4

Chldren's Attention. We had-Ttpec..ted .e attention levels 0

jeoungee children watching Sesame Street would be less stable han the

attention levels ofkolder children watching the Electric Company '(H1).

Figure 1 shows that autocorrelations for,the attention of children in both

-
groups drop fairly rapidly,to neat...zero, ranging between .09 and,.24 by'7e

,lag of 90 seconds. ,This seems to indicate that the interdependence be-
dc, -,,,

. .

tween attention levels in neighboring measurement intervals lasts for

'less than 40 seconds.
. .

The partial autocorrelationS for attentton'for all four videotapes

were four to be very near zero after a first significant one aei3O/
seconds. Sin e the firsttpartial autocorrelation is equal to the first

aytocorrelatiOn because there are no/ intermediate intervals to hold

constant, the first partials may also be read from Figure 1. Higher

order partials cannot be read from Fjgure ' 1 , but since none were staiis-

.

tically significanCat thd -01 level we did not graph them. 4

The autocorrelations do not support our hypothesis that older children'
C.

would show more stable levels of.attdnfion because the ,correlations are

higher for the younger children qntil they fall into the statistically.
. ,

nonsignificant range. ,:The partial autocorrelations for the younger

children Indicate that 40 percent of the variance in attention in one

show and 47 percent In the other show can bp accounted for just based on

:

1

the interdependence betWeen adjacent 30 second intervals (these figures

18
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were obtained by squaring the coefficients). The partials for the _older

children indicate only 16 percent and 27 percent of the variance in

attention is accounted for by the second interdependence.

If the pattern of autocorrelations for the program variables for

the Electric Company programs is similar t that for the Sesame Street

programs, the programs are verye ikely to be structured the same way over

time with respedt to other unmeasured program variables. In that case

Hypothesis 1 Is not supported. On the other hand, if autocorrelations

for the program variables for Sesame Street dropped more sl ly towards

zero, the hypothesiS may,not be disconfirmed. Younger children-m ht

just be following more slowly changing program variables end tay appear

be more stable in attention as a result.

Program Complexity. Figures 2 through 5 show the autocorrelations

for program complexity. Withthe exception of Electric Company show 1,

the patterns\for all of the variables are rather similar. The autocorre-

lations drop to a statistically nonsignificant level very rapidly and in

e
several instancesm teven the firft correlation is significant at the -.-01

level. These patterns indicate that there is very little interdependence

between the neighboring values of these program variables.

' The Electric Company show 1 autocorrelations for Set Entropy are

statistically significant at the .02 revel in two places. The partia

autocorrelations were found to be 34 at 30 seconds and:-%38 at 90 seconds.

Further data anslysls revealed these correlations to be part of a 210

second cycle in the data (Krull and Paulson, in press).

c

- TheInteraction .N,,,
I
The autocorrelations for Visual/Verbal

Independence. are given in Figure'6. The patterns for all of the sample_
;4e

programs are similar with nonsignificantorrelations after one approachrng

19



significanceoaf 30 teconds.

(.....

dente between adjacent intervals than do the nearly random cOmplexity, variables. -
.

r .

The first lag autocorrelations'range from .18

to .40with the Sesame Street show falling at the upper end of the range.

Figure 8 shows that, With the exception of Electric Company show 2,

the autocorralations.for Visual/Verbal Congruence approach nonsignificance

farrly rapidly. However, the first, lag autocorrelations are fairly high,

,being in the .40 to .50 range. With 'the exception of the one Electilic

Company show; higher order partials were found"to be Insignificant statis-'

toiCally.

The high autocorrelations for.Electric Company 2 in the 180 and 21Q

second range were found to be indicative of a 200 seCdn'd tyCle in the

data. Description of'that analysislgoes beyond the scope of this paper.

Both the Independence and Congruence variables sh6w more interdepen-

*

Children might find changes i,r1 the former Variables easier to follow than in

the latter. On the whole, tIle Electric Company and Sesame Street shows

seem to fcillow roughly the same pattern and little explanation for the

greater stability of attention of the younger viewers can 6e found in

differences in the program variables we measured. Hypothesis 1 does not

appear to be supported.

Children's Program Variables and Attention

Effects of Program Complexity. Cross-correlations between-the fO-Or

entropy measures of program complexity and children's%ettention are given

in figures 8 through 11. The horizontal axis in the figured indicates how

far the dependent variable leads (negative lags) of lags (positive .lags) the

diang5t in the values of the indepenaent variable. The vertical axis in-

aicates'the sizes of the correlations between the independent and dependent

20
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variables at different given lags. We had expected the pattern of cross-

correlations to look approximately as follows: insignificant correlations
A

until some point after changes in the independent variable occurred (a

positive lag of the dependent variable),.a small number of;statistically

significant correlations, and then another series of insignificant corre-
..1=

lations. The point'at which correlations became significant would indicate

the delay in children's reacting to a program variable. .'The point at which

correlationS again reached insignificance,rould indicate the duration of

the effect.

Figure 8 shows cross-correlations between Set Entropy and attention.

The older viewers of the Electric Company seem to be affected very rapidly

44
changes in Set Entropy since the correlations for zero lag are -already -It-

fairly large. The effects seeingto decay by 60 to 90 seconds. However,

the Pattern' is complicated by correlations jnthe negative lags at 120

4
to 60 seconds.

Significant correlations at negative lags generally indicate changes

in the dendent variable precede changes in the independent variable. In

other words, the causal order'is the reverse of that expected. Another

possibility is that an unmeasured variable, affecting both the independent

and dependent variables, produced this odd set of correiatjons. However,
) ,

an explanation which haV particular appeal for our theoretical problem is.

that children are anticipating changes in the Set Entropy variable before'.

they happen. This implies that the older children watching the Elgctric
0

Company know the program sufficiently well to predict some of the thing's

which will occur'.

-
., v :

Thedara in Figure 8 do not indicate significant effect of Set
.

Entropy on the younger viewers of Sesame Street. Hypothesis 2 appears to

4
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e supported for older, but not for younger children.

tgure 9 show5the cross - correlations between Verbal Time Entropy

d attention: The pattern of correlations found is not as prohmnced
la

as\that-for Set Entropy, with only Electric Coinpany 1 and Segame Street >7
. .

,

1 showing correlations approaching statistical- significance. There

4

.

appears to-be rather weak support for 004hesis 3. -

The cross-correlations between Shot EntrOpy and atteni on in Figure 10
-

are weakly significant (.05 level maximum) for both Electric'Company programs,.

but the correlations are positive for one program andnegative fOr-theother.

Both sets of correlations also inidiCate some anticipation by'children since/

the maxima are reached at 60 to 30 second negatiVe lags. Sesame Streevl,

showed significant correlation only at a lag of 00 seconds, and Sesame:--

Street 2 shied only an anticipation effect. The results indtcate weak '

support for Hypothesis qf in some cases and no supOrt at alb' in others.

Figure 11 gives the cross-correlprions between Nonverbal Dependence

Entropy and attention. The Electric Company data again seems to indicate

anticipation.on the part of children, with negative correlations ap pearing

about 60 seconds negalve lag. The Sesame Street data show relatively
. 16

7 \ --A-

small correlations throughout. These data indicate ad support for Hypothesis
4...

.

Effects of Visual/Verbal'interactibn. Figure 12 shows the cross-corre-

lations between Visual Verbal Independence and attention forall shoWl-to

be that expected. Alt there is some. variability in the strength of the

correlations, the effect is most strongly negaiive at zero lag sand appears

to be of ratherbrief durpti n. Hypothesis 6 appears to be- supported.

"Some of the crosS-correl tions between Visual/Verbal Congruence given

e--

22
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in Figure 13 are stronger than those for Independence, but the pattern is

less consistent among the samplA programs. One Electric Company 'program

has mediem positive correlations,for Gongruence'and attention, the other

has weak negative correlations One Sesame Street program has strong

positive correlation's, the other hasmoderately,negati.ve ones. These

data give ratiftr inconsistent support for Hypothesis 7.

-4 Multiple Time Series Analysis. e_

Multiple time series were run to determiTie if the relationships among )

the program variables were affecting the cross-correlations. Someof the

cross%oorrelations/implied anticipation on the pare of children which would

require-a feedforward type model to analyze. We were not prepared to

a modify multiple time-series computing algorithms to-handle this situation,

so we decided to obtain good preliminary empirical models by using simple

-multiple regression. Were a feedforward model to be used, a better fit than

that we got wourd be highly likely. ft -

Ai'

7'
A

The SE-st multiple regression models forSesame Street are given in

Table 2. There are three important features to these models: they explain

a large amount ,of variance inattention, .,the bulk of the variance expthned

is due to autocorrelatiNi-th attention at a lag of 30 seconds, and' the

remaining variance Is explained by measures'of the verbal aspects of programs.

Note that the negative lags of the independent variables in the ta410 corres-

pond lo positive lags of the dependentyarjables in the cross-correlation

figures.

The best multiple regression models for the Electric Company are given.
.14

in Table 3. ;Three important features of these' wodels arp that: they'explah

large amount of variante in attention, the bulk of the variance explained is

4
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due to cross-correlation with the program variables, and the effects of the progcank

complexity variables are stronger than those of the VisualVerb'at inter

action measures.

(

Both _the' Sesame Street and Electric Company models exceed our expectations.

They, account for about half the vartance in children's attention with a small

dit?

number of predictor variables. Although some of.the regression coefficients

for the Sesame Street program variables are only marginally significant, the-
]

overall models are highly statistically significant in every case. It

also interesting to note distinct differences between the models obtained

for older and younger viewers. These differences will be discussed in

the next secti0P.

Discussion

At the outset we indicated that' we were going to examine the relation-

ship between a.small number of television program variables and thildren's

attention. We also indicated that we would do so taking into account-the-

interdependence between adjacent time intervals, and the delays and rates

of response of attention to the different program variables.

The data indicated'the pattern'of children's responses to 6e fluid and
f

variable. AutocorrelaIions'of Children's attention indicatt 1.10We con-

sistency beyond about 60 seconds, the interdependence between two adjacent

lags. Cross-corre,lations were found to vary 'between prograills in the same

TV series, and significant cross-correlations were found in unexpected places.

However, the data also indicated chil6en's attention is 'not totally un-

predictable. Several hypotheses about children's behavior received at least

partial support and the multiple time series models.atcounted for unexpectedly

high amountsamounts of variance.

24



The expectation that older children 'would show more stable attention was
,°

not supported by the data (Hi). Thiswas shown both by their autocoerelations

___ andby their loW weights in the multiple regresSionS for 30 second lag

attention levels. Although comparing the behavior Of vi4Wersattgnding

. two'Clifferent TV series is not p clean test of age diffei-ences, these data

do indicate some age differences ere likely.

One interpretation we have made of our data is that oldetwceldren are, .

more attuned to changes' in the content of,television programs and are more

able to adjust to those changes by varying-the amount of attention they pay.

Younger children seem to be more rigid in .their viewing, being unable' to

make adjustments in theiwocessingeof program content as content varies

Qver time. This interpretation is consistent both with the previous.rese-arCh

literature and with the greater relative predittivepower of program variables

In explaining the attention of older viewers. Comparisons of 4ieWers
-of

differ"

ent ages watching the same show would be required td(validate the argument.

Comparisons of ?the delays and response rates of attention to the differ-

ent progroam variables proved to be rather interesting (H2 to,H7). Strong cross-'.
.,

correlations were found at long lagi 16 either. side of zero lag. In several'

. . .

instances the zero lag cross-correlations, which are tile equivalent of

ordinary cross-sectionalcorrelations, were rather small: More interesting

yet, a few variables seem to show children's anticipating changes in programs.
)-

Such apparent anticipation would' certainly not have been found uSing crOss-

sectional methods.

If -our interpretation of the cross-correlations' indicating.anticipation

is correct, much more sophisticated theoretical models of childreW.s viewing
. I

'behavior will have to be developed: Levin andAnderson (1926) reported children' 3

i

4
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developing from random to purposive viewing by the age of 3 years: Our

data seem to -,indicate that children have enough experience televilion

viewing-by the time they are 8 to predict some aspects'of programs. We

intend.to develop and test a theoretical model incIudi.ng,antiAlpion effects

in the near.future.

1
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Variable Show

Table 1

-DESCRIPTIVE STATISTICS

Standard DeviationMean

Children's, EC #1 34.3 ' 9.3
Attention EC #2 62.3 15.4

SS #1 73.3 15.7 -

SS #2 66.0 15.2

1

Set Time EC #1 .41 .53-)..
Entropy EC #2 .50 °.67

SS #1 .29 .56 .

SS #2 , .47 .89 .

Verbal Time EC #1 . .76 .61

Entropy EC #2 .83 .54

St #1 .88 .66

SS #2 .89 .70

Shot Time EC #1 .76 _ .... -.44

Entropy ,EC #2 .88 .40

SS #1 .52

SS #2
.-73
.75 , .50

Nonverbal EC #1' .77 , ,-.31

Dependence EC #2 -,.68 -.28
Entropy .SS #1 '.45 .36

4 SS #2 4 .65 .29 '''''

Visual/Verbal EC #1 213.4 M. 23.8
Independence EC #2: 28.6 21.4

SS #1 ° 28.9. 22.3
SS #2 25.2 23.5

Visual /Verbal EC #1 16.4 13.8

CongrUence Ec#2. 19.2 14.5
SS #1 ,

SS #2
19.4
24.2

21.6

20.4.

EC #1

EC #2
SS #1

SS #2

27
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./
Table 2

MULTIPLE REGRESSIONS OF CHILDREN'S ATTENTION
. ON TELCVISION PROGRAM VARIABLES

FOR SESAME STREET'

Show #1

..Beta
)iultiple

R F 4).F. P.4('Predictor Variable

Attentiont..) .53 .76 20.28 6',86 401

Verbal Time Entropyt .11

Verbal Time Entropyt_2 .13

Nonverbal Dep. Entr.t_1 .12

Visual/Verbal Indep.t -.15

r

Visual/Verbal Cong.t 213

I

. Show #2

Multiple
Predictor Variable Beta . R - F D.F.

r
J

0

Attentiont-) .62 .70' 26.35 -;4,1i1 .0914

Nonverbal Dep. Enti;t_5 -.14

Visual/Verbal Ind.t -.20

Visual/Verbal Cong.t..2 -.17

28
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Table' 3

MULTIPLE REGRESSIONS OF CHILDREN'S ATTENTION
ON TELEVISION PROGRAM VARIABLES

FOR THE ELECTRIC COMPANY.

ShoW #1

Multiple .

.

Predictor Variable Okta R F ELF. P.
,

. Set Entropyt .39 .66 6.22 4,33 .001

SetEqtropyt_3 ,41

...

Verbal Time Entropyt .36

Shot Time EntroPyt.2 t33

Show #2

Multiple
Predictor Variable' Beta' R F

Attention
t-1

.31 .73 7.67

Set time Entropyt .33

Set Time Entropyt_3 .18

Verbal Time Entropyt_2 -.32

Shot Entropy t-2 -.29

Nonrrbal Dep. Entr.t4 .24
0

Visual/Verbal Cong. .36 .

29

D:F.. I P

7i48 .001
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Appendix A

DEFINITIONS OF PROGRAM COMPLEXITY VARIABLES
._V

Set Time Entropy is defined as the degree of randomness of the time of

visual duration of discrete phYsical locations in a program.

Verbal Time Entropy is defined 'as the degree of randQmness of the time

of audible behavior on the part of characters in a program.

Nonverbal Dependence Entropy is defined as the degree of randomness of
-

the use of only visuals to carry the narrative in a program.

Shot Entropy is defined as the degree of randomness of the duration of

different apparent distances between the camera and the object in view.

This new variable was added to tap visual aspects of television pro-

grams not handled'by the set entropy measure. It was coded by scoring the

A.aniountoof time spent on close-up medium and long shots. These three cate-
.

gories were used as a compromise-between having sufficient categorfes.to
I

make discriminations and not so many that ategorization became unreliable.

Both one-and two person close= ups(showirg upper chest and head) were

coded into the close-up category. Shots which sh4 ed more than the upper

cheit and head, but less than the entire figure',, were coded as long shots.

.
. These distinctions were rather difficult to make with puppets_and.some

animated figures.
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Appendix B

Time, Series Methods

There are two related branches of time series methods -- time

domain methods and spectral methods. In thisdpepgr we have used the

time domain approach in which values of variables at different points

in time are correlated.T Two importantAstatistics in this approach are

the autocorreiation (the correlation of a variable with itself) and

the cross-correlatioh (the correlation between two or more variables at

different time points). Spectral methods attempt to explain the behavior

of variables over time by searching for cycles in the data. These methods

are very elegant, but they are also complicated an require a different

kind of theory than commonly found in communications.,'

`St

The Autocorrelation,

The autocorreiation is defined mathematically by:

. rk

c

eo

where, K is the time interval between-the values correlited, ck is the,
s

covariance between the values at interval K, and c
o

rt the covariance at
.

lag zero (simply, the variance of the variable)..

The si of the autocorrelations can be plotted against the lag to

give a visual impression of thedegreelof dependence in the variable. ThgAee

graphs are called correlograms and were used to report the data In this

paper.

Partial autocorrelations are analogous to ordinary partial correlations.

Partial autocorrelations are Usef61 in determining the exact time lag to

3,
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which a variable is dependent. For example, if the yelps of adjacent

time intervals'were correlated; the effect of the correlation between the

A

-first interval and the 'Secong interval would also transfer to values in

the third Interval. 'This is simply a causal chain in time: The partial

autocorrelation of the first interval with the third interval, holding

the second interval constant, shouldwbe near zero if only adjaEent values

are Interdependent. If it is noti the interdependence in'the variable

extends beyond just one lag.

. The formulas for higher-order partial autocorrelations are complicated

and packaged routines, are generally used for their computation.

The Cross-Correlation

The cross-correlation'is defined mathematically by:

rxy(k)
cxy(k).

SSx y

/ where 'k Is the lag, cxy(k) is the covariance bet'wLn X andy at lag k,

Sx i§ the standard deviation of X, and S is 'the standard deviation of Y.

Cross correlations are generally plotted for lags of the dependent

variable. This means that one reads the positive values in the graph as-
,

indicating how long after the Independent variable changes the dependent var-
.

iable responds. However, _regression riode's of the relationship are normally.

written with negative lags of the independent variable. This meanslhat

the correlation at Y
t+k

is equivalent to the correlation at Xt_k. A

regression equ ation in two variables would take the following form:,

Y
t

F
t_k

et
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